Background: In regional and rural Australia, patients experiencing ischemic stroke do not have equitable access to an intravenous recombinant tissue plasminogen activator (tPA). Although thrombolysis with tPA is a clinically proven and cost-effective treatment for eligible stroke patients, there are few economic evaluations on pre-hospital triage interventions to improve access to tPA.
Background: In regional and rural Australia, patients experiencing ischemic stroke do not have equitable access to an intravenous recombinant tissue plasminogen activator (tPA). Although thrombolysis with tPA is a clinically proven and cost-effective treatment for eligible stroke patients, there are few economic evaluations on pre-hospital triage interventions to improve access to tPA.
aim: To describe the potential cost-effectiveness of the pre-hospital acute stroke triage (PAST) protocol implemented to provide priority transfer of appropriate patients from smaller hospitals to a primary stroke center (PSC) in regional New South Wales, Australia.
Materials and methods:
The PAST protocol was evaluated using a prospective and historical control design. Using aggregated administrative data, a decision analytic model was used to simulate costs and patient outcomes. During the implementation of the PAST protocol (intervention), patient data were collected prospectively at the PSC. Control patients included two groups (i) patients arriving at the PSC in the 12 months before the implementation of the PAST protocol and, (ii) patients from the geographical catchment area of the smaller regional hospitals that were previously not bypassed during the control period. Control data were collected retrospectively. The primary outcome of the economic evaluation was the additional cost per disability adjusted life years (DALYs) averted in the intervention period compared to the control period.
results:
The intervention was associated with a 17 times greater odds of eligible patients receiving tPA (adjusted odds ratio, 95% CI 9.42-31.2, p < 0.05) and the majority of the associated costs were incurred during acute care and rehabilitation. Overall, the intervention was associated with an estimated net avoidance of 93.3 DALYs. The estimated average cost per DALY averted per patient in the intervention group compared to the control group was $10,921.
conclusion: Based on our simulation modeling, the pre-hospital triage intervention was a potentially cost-effective strategy for improving access to tPA therapy for patients with ischemic stroke in regional Australia.
Keywords: stroke, acute stroke, economic evaluation, pre-hospital protocol, (1, 2) . tPA is proven to be a cost-effective therapy when given according to guidelines (3) (4) (5) (6) , however, the implementation of tPA varies substantially both within and across countries (Table A1 in Appendix) . In Australia, only 3% of patients with ischemic stroke received thrombolysis according to the 2009 national audit, improving to 7% by 2014 (7) . However, the reported national averages mask the extent of geographical variation in implementation. The few reports available from regional hospitals suggest that access to tPA for stroke in the smaller regional and rural locations can be minimal to non-existent (8, 9) . In such situations, new models of care are needed to improve both pre-hospital assessment for potential tPA eligibility and the time between stroke event and treatment in a specialized stroke center.
In the Hunter region of New South Wales, Australia, the Pre-Hospital Acute Stroke triage (PAST) protocol was designed to improve access to tPA for eligible patients ( Figure A1 ). The PAST protocol is comprised of: (i) a pre-hospital stroke assessment tool, (ii) an ambulance hospital-bypass protocol for thrombolysis-eligible patients outside the primary catchment area of the regional primary Stroke Centre, John Hunter Hospital (JHH), and (iii) pre-notification and rapid deployment of the JHH's multidisciplinary stroke team (8, 10) .
The PAST protocol was implemented in September 2006 (8, 10) and resulted in a significant increase in the proportion of patients accessing tPA in the JHH and a significant reduction in median times from symptom onset to stroke unit admission (10) . Although the PAST protocol and a number of other similar pre-hospital acute stroke triage interventions have demonstrated enhanced tPA implementation (10, 11) , these models of care have rarely undergone economic evaluation. Economic evaluations of such programs assist informed decisions about the allocation of available resources and thus facilitate efficient priority setting. Cost-effective models of care that improve access to tPA for eligible patients also have the ability to improve health equity by ensuring those disadvantaged, because of distance from regional stroke centers, have improved access to effective therapy.
aims
The aims of this study were to assess overall changes in associated healthcare resource utilization as a consequence of implementing the PAST protocol and to describe the potential cost-effectiveness of the PAST protocol.
MaTerials anD MeThODs study Design
The economic analysis was based on observational data with a historical control design. A decision analytic model with simulation was used to calculate the costs and outcomes (initially developed by author DAC). Routinely collected data were analyzed for different periods. The intervention period for the evaluation was commenced on September 14th, 2006.
The principal control cohort was defined as patients presenting to the JHH between September 14th, 2005 and August 31st, 2006. Since, we also needed to capture information for patients who would previously have not been transferred to JHH, data from a second control cohort of patients equivalent to those who were bypassed to JHH in the intervention period (referred to as the alternate pathway) were also obtained. The patients in the alternate pathway (our counterfactual scenario) were assumed not to have received tPA or care in a stroke unit because they would not have been directed to the JHH, with its Stroke Centre, in the control period. Without a specialized Stroke Centre at their local hospital, patients attending these hospitals would not have had access to tPA. The alternative pathway group is independent of the intervention and historical control cohorts. It is a simulated situation for this real-world study using aggregated and de-identified administrative data from the same time period for patients who were managed in hospitals other than JHH with stroke.
Patients included in the intervention period were those presenting to the JHH between September 14th, 2006 and October 30th, 2009, when the PAST protocol was operational and under audit and evaluation. Detailed data were prospectively collected during the intervention period. Where required, the evaluation data were supplemented with local administrative information and imputed using the decision analytic model developed for this study.
ethics
The Hunter New England Human Research Ethics Committee considered the implementation of the PAST protocol and associated data collection as a quality assurance/improvement project and provided an exemption from full ethical review (10) . Only routinely collected or published summary data have been used in this subsequent economic evaluation of the PAST protocol. Therefore, consent from patients in the control group was not needed based on a waiver of consent to use the de-identified administrative data for secondary analysis purposes.
Primary and secondary Outcomes
The primary outcome was the incremental cost of the intervention compared with the standard historical care (control). The secondary outcomes are health gain, measured by disability adjusted life years (DALYs), simulated for each patient with ischemic stroke in the control and intervention periods. The incremental cost per DALY averted in the intervention period was compared to the control period.
calculation of DalYs
The incremental DALYs averted from tPA treatment were calculated using estimates previously established from the model of resource utilization, costs, and outcomes for stroke (MORUCOS) model (12) . The average incremental DALY averted per case over a lifetime of 0.4575 for stroke unit treatment over general management; and 0.605 for intravenous thrombolysis was applied to this cohort (13) . Estimating the health benefits from both treatments was relevant because at JHH, treatment in a stroke unit was provided to all bypassed patients irrespective of whether they received tPA or not.
Patient discharge destinations (home, in-patient rehabilitation, nursing home, and in-hospital death) were extracted from the hospital administrative databases and the Hunter Region Heart and Stroke Outcomes Registry (14) .
stroke severity
The National Institutes of Health Stroke Scale (NIHSS) was used were available within the routinely collected clinical data. Scandinavian Stroke Scale was also available in the routine clinical data and converted to the NIHSS performed using the methods described by the Virtual International Stroke Trials Archive Collaboration (15) .
The final eligibility of the study population was determined using medical records coding (International Classification of Diseases, 10th version). The specific ICD codes were: I60 (subarachnoid hemorrhage), I61 (intracerebral hemorrhage), I63 (ischemic stroke), I64 (undefined stroke), and G45 [code for transient ischemic attack (TIA)] (16, 17) .
Inclusion criteria included all suspected stroke patients brought to JHH under the PAST protocol. Confirmation of acute ischemic stroke was diagnosed and tPA eligibility determined by the neurologists at the JHH. There were no exclusion criteria.
cost Data
Estimates were made of the resource utilization that occurs as part of the acute stroke care pathway using the PAST protocol.
Cost estimates were calculated using summary estimates of patient data from the both study cohort and local administrative data. For some of the unit prices, published national sources are used, where study or administrative data were unavailable. Total cost was calculated by multiplying the probability of resource used by the unit cost. The broad cost components are pre-hospital (transport costs), acute hospital (imaging and treatment), and post-hospital (rehabilitation and community-based resource use, including nursing home care and readmissions within 90 days) (Figure 1 ; Table A2 in Appendix).
currency and reference Year for costs
All costs were converted to reference year (2014) values using the total health price index (18) . All costs were calculated in Australian dollars.
assumptions
The main modeling assumptions were:
1. Mode of transport to hospital was by road in ambulance in the control and intervention periods. 2. Apart from the PAST protocol, we assumed that the operating policies and procedures used by the acute stroke team were standard and did not alter over the period of the evaluation.
calculation of the incremental cost-effectiveness ratio
Cost per DALY averted was calculated using the following formula: Net average cost/DALY averted = (average cost per patient intervention group−average cost per patient combined control + alternate pathway group)/(average DALY averted per patient intervention group minus average DALY averted per patient combined control + alternated pathway group). Comparisons of patient outcomes between groups were conducted using Chi-Square, Kruskal-Wallis, or ANOVA tests, with P-values for comparisons set at 0.05 as calculated using STATA.
resUlTs
When the PAST protocol was implemented in a real-world setting enrollment of patients based on the inclusion criteria was initially slow, therefore, we collected 3 years of data for this cohort to more closely match the number in the control cohort so that the comparisons would be more reliable.
There were 364 patients with suspected stroke treated in the Hunter region's hospitals during the historical control period and 309 patients in the same hospitals during the intervention period. Of the 364 historical control patients, 203 had an ischemic stroke (IS). Of the 309 intervention patients, 217 had an ischemic stroke ( Table 1) . Patients in the intervention group were more likely to have had an ischemic stroke compared to the historical control group (70 vs 56%, p < 0.01). There were no differences between the intervention and control groups in terms of age (median 77 years old) and gender (52% male). However, the intervention group had a mean NIHSS of 13.54 ± 7.43 compared to 8.05 ± 6.21 in the control group (p < 0.01). Considering the ischemic patients only, the intervention group had a mean NIHSS of 14.11 ± 6.64 compared to 8.28 ± 5.76 in the control group (p < 0.01). NIHSS data for the alternate control pathway were not available. The 5.88 difference between NIHSS scores of the intervention and historical control groups was statistically significant, indicating more severe stroke patients were transferred to JHH during the intervention period.
Of the 203 control ischemic stroke patients, 13 (6.40%) were thrombolysed, compared with 120 (55%) of the 217 intervention patients with ischemic stroke ( Table 2 ). The equivalent participants in the alternate pathway were assumed not to have been provided thrombolysis based on the absence of thrombolysis availability in their destination hospitals.
The difference in the proportion of patients with ischemic stroke receiving thrombolysis between the historical control and intervention group was statistically significant (p < 0.05). Patients in the intervention group had a 17 times greater odds of receiving thrombolysis than patients in the control group (95% CI 9.42-31.2, p < 0.05).
A significantly greater proportion of patients in the control group were discharged home from hospital compared to that of the intervention group (48 vs 29% with IS patients and 49 vs 34% in all stroke patients, p < 0.05) (Tables 3 and 4) . As expected, given the greater severity of stroke, a significantly greater proportion of patients in the intervention group died in hospital (22%) compared to the historical control group (8%, p < 0.05). The average time to death in the control group was greater than in the intervention group (p < 0.01) ( Table 4 ). The age distribution was similar in both the intervention and control groups.
Of those alive at discharge, there was no difference (p > 0.05) between control and intervention group in terms of average length of stay (12 days for the control and 10 days for the intervention group).
Most costs were incurred from the acute hospital care and rehabilitation resource use. Total (pre-hospital, acute hospital, and post-hospital) costs were greater in the combined control group than the intervention group. Compared to control, the incremental average total cost per patient was $3,421 in the intervention group (Table 5 ). In the intervention group, it was estimated that 101.2 DALYs were averted related to the provision of tPA and stroke unit care. This compares to the estimated 7.9 DALYS in the combined control group. Overall, the intervention was associated with a net avoidance of 93.3 DALYs.
The intervention appears to be cost-effective, with the estimated cost per DALY averted per patient in the intervention group, compared to the combined control group, of $10,921 [$3421/(101.2 DALYs/309 patients)-(7.9 DALYs/551 patients)] across both the hospital and post-hospital phases of care. 
DiscUssiOn
Our study suggests that the implementation of the PAST protocol is a cost-effective intervention to improve access to evidencebased, effective stroke care. The implementation of the PAST protocol resulted in a significant increase in the rate of tPA treatment for patients with acute ischemic stroke. Overall, the incremental resource use at each stage of the clinical pathways projected within the economic model, suggesting potential opportunity cost savings of $4 million for the Hunter region over a 12-month period. Average pre-hospital (transport) costs were the lowest ($71.12) among all incurred cost items associated with the intervention. It is noteworthy that an economic evaluation of helicopter-transfer of patients with suspected acute ischemic stroke for potential thrombolysis showed that cost-effectiveness is not sensitive to the range of transport costs (19) . We are unaware of any studies that have previously addressed the cost-effectiveness of a similar intervention in the Australian healthcare setting. Our study provides an estimate of the cost per DALY averted and found 101.2 DALYs were potentially averted due to the implementation of the PAST protocol facilitating access to reperfusion therapy and stroke unit care. This compares to 7.9 in the combined control group; the intervention was, therefore, associated with a net avoidance of 93.3 DALYs compared to care provided in the control group. The intervention was cost-effective, with the net cost per DALY avoided per patient in the intervention group compared to the combined control group of $10,921.
There is a difference in point estimates regarding cost per DALY averted between our study (which showed additional cost per DALY averted due to the intervention) and MORUCOS (which showed less cost per DALY averted due to tPA) ( Table 5 ) (12) . This is because our study included an additional cost bucket, that is, the costs attributable to the implementation of the PAST protocol. Despite this difference, the additional cost was modest at $3,421 per patient ( Table 5) .
The implementation of the PAST protocol appears to be a feasible mechanism to ensure those who live at an extended distance from an acute stroke unit can also access effective stroke treatments (and their subsequent benefit) that are not otherwise available. This is an important issue of equity in healthcare for rural and regional Australia, as well as in other countries with regional and rural populations living at a distance from a Stroke Center with tPA availability. Other reliable, valid, efficacious, and DALYs and, hence, not derived directly from patient deaths and disability. Likewise, lack of availability of empirical data lead us to develop a cost model using probability of resource use for an event. Therefore, the cost and DALYs calculated here are simulated estimations.
cOnclUsiOn
In this simulation study, the implementation of the PAST protocol in regional Australia was found to be a potentially cost-effective strategy to improve tPA rates among eligible ischemic stroke patients. The likely cause of higher death and shorter time to death in the intervention group is the greater severity of stroke. The evidence indicates that for a modest increase in cost ($3,421) per patient there is a significant aversion of DALYs. To our knowledge, this is the first Australian study to reveal the potential resource implications and patient outcomes of protocols designed to increase equitable access to tPA followed by care in stroke units among eligible ischemic patients.
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safe mechanisms, such as Telestroke, are also found to be clinically effective and cost-effective in the pre-hospital setting (11) . The analysis of the data for discharge destination does not directly support benefit in the bypassed patients, but this may be due to case-mix difference in stroke severity between the intervention group and the comparator patients. The significantly greater proportion of in-hospital death of patients in the intervention group (22%) compared to in the control group (8%, p < 0.05), is a likely consequence of the greater severity of stroke as described by the average difference in NIHSS scores of 5.83 points. Economic evaluation of stroke care studies show severity of stroke has a major influence on stroke outcome (20, 21) . A limitation of this study is that we are unable to completely adjust for patient case-mix given the indirect assumptions made for the alternate care pathway. It is understandable, therefore, that despite higher tPA rates, our study showed higher in-hospital case fatality rate and shorter time to death in the intervention group along with a lower proportion of patients in the intervention group discharged home.
A consequence of this limitation is that the reported economic results reported in this study may be biased toward being unduly conservative with the results underestimating the intervention's improvement in DALYs averted and overestimating the cost per DALY averted. This is because there were more severe patients in the intervention group. Therefore, DALYs averted due to the intervention in this study are likely to be lower than would have occurred if stroke severity was equivalent in the control and intervention groups.
Regarding hospital stay, there was no statistically significant difference between the control and intervention groups.
The economic findings are in accordance with international pre-hospital economic evaluation studies (3, (19) (20) (21) , showing that acute stroke care, starting in the pre-hospital phase, can reduce cost, reduce the time to initiate tPA for eligible stroke cases, and thus increase the likelihood of eligible patients receiving access to effective stroke treatment.
The strength of our study is the provision of an estimate of the potential cost per DALY averted as a consequence of the PAST protocol. There are very few published economic evaluations of transport protocols in stroke care nationally or internationally. This is the first study on the pre-hospital stroke protocol to our knowledge and, therefore, internationally relevant. An economic evaluation of helicoptertransfer of patients with suspected acute ischemic stroke for potential thrombolysis showed that cost-effectiveness is not sensitive to the range of transport costs and other system variables (19) .
A limitation of this study is that we used indirect data and summary measures from a previous study for the calculation of reFerences
